We have constructed a transcription map covering a 2 Mb region beginning approximately 1 Mb distal to HLA-F. Cosmids isolated from a chromosome 6 library were positioned by YAC hybridisation, STS and fingerprint analysis. Using direct cDNA selection, exon trapping, and direct genomic sequence analysis, we identified 42 potential exonic fragments in this region. Six fragments corresponded to previously characterised genes, four previously broadly mapped to this region. Five fragments were similar to known genes, eight fragments matched ESTs and 10 of the remaining 23 novel fragments, gave a positive signal on northern analysis. All cDNA fragments were mapped to the YAC and cosmid contig covering the region and with respect to other known genes and STS in this area. The distribution of the cDNA fragments indicated their organisation in three clusters around CpG islands.
Introduction
The construction of a transcription map aids the characterisation of genes present within a genomic region and allows identification of their intron-exon organisation. Together with linkage analysis data, detailed transcription maps can greatly increase the speed of discovery of disease genes; indeed in some cases it is possible to move straight to the analysis of candidate genes already identified in a candidate region defined by linkage analysis. Now that large scale sequencing of the human genome is well underway this 'positional candidate' approach is likely to become the predominant strategy for the identification of disease genes. 1 Several diseases are known to be linked to the major histocompatibility complex (MHC) region at 6p 21.3, one of the most gene-dense areas of the human genome. The MHC genes are divided into three classes and are clustered on the chromosome accordingly. Linkage of diseases to the MHC is sometimes due to the key role these genes have in regulation of immunity, but in other cases, such as dyslexia, 2 schizophrenia, 3 and autism, 4 the connection with the immune system is not so obvious, and predisposition may be caused by non-MHC related genes encoded within the region. One such disease is haemochromatosis (HC), a defect of iron metabolism, linked to the HLA-A locus in 1975 but not thought to be due to a gene involved in immunity control.
The region distal to HLA-F, has not been studied as extensively as the MHC Class I, Class II and III regions. We previously constructed a YAC genomic contig covering this distal region, 6 and subsequently we identified a new Krüppel-type zinc finger gene, ZNF184, in this region 7 and characterised a genomic segment which contains several genes with homology to genes in the spinal muscular atrophy (SMA) gene region of chromosome 5q13.1 (Banyer et al., unpublished data) . Recently the gene for HC, initially termed HLA-H but later renamed HFE according to the accepted HUGO/GDB nomenclature, 8, 9 was identified. [10] [11] [12] HFE, located approximately 5 Mb distal of HLA-A, has high homology with Class I MHC molecules and is thus the most distal MHC Class I gene identified to date. The identification of HFE now further extends the distal border of the MHC previously thought to end at HLA-F just 200 kb distal of HLA-A.
Further characterisation of the region between HLA-F and HFE is now needed to determine the gene content of this region and to facilitate the identification of disease genes linked to this area. To achieve this goal, we constructed a cosmid contig covering approximately 2 Mb, beginning approximately 1 Mb distal of HLA-F and ending approximately 2 Mb proximal of HFE. We combined three rapid gene identification techniquesdirect cDNA selection, exon trapping, and direct genomic sequencing -to isolate gene fragments. These were positioned in the cosmid contig with respect to other genes we have previously mapped to this area, thus generating a transcription map of this distal region of the MHC.
Materials and Methods

Cosmid Isolation
YACs 24ce5, 17ah2, 306e5, 259f7, 753h12, and 950h11 were obtained from CEPH and ICI libraries and organised in a contig as previously described. 6 Localisation and integrity of YACs was verified by fluorescence in situ hybridisation (FISH). YAC DNA, prepared as previously described, 6 was used to select Lawrist cosmids from a chromosome 6 specific gridded library (cosgrid) using recommended hybridisation conditions. 13 To validate the cosmids selected from the cosgrid by hybridisation analysis, DNA from individual cosmids was prepared using Qiagen plasmid mini kits (Cat No. 12125) according to manufacturer's instructions, and BamHI/ScaI digests were Southern blotted and probed with YAC DNA. Only those cosmids clearly mapping to the original YAC used in their selection were analysed further.
PCR Analysis
Cosmid DNA was analysed for the presence of STS comprising YAC end-clones and microsatellites as previously described. 6, 14 Primer sequences, annealing temperatures and PCR product sizes of STS used are given in Table 2 . All PCRs comprised 35 cycles and were performed in 25 µl reaction volumes containing 100 ng of each primer, 400 µM dNTPs, 1.5 mM MgCl, 1.25 U of Taq polymerase (Cetus USA), and 100 ng of template DNA.
Fingerprint Analysis
Manual and automated fingerprint analyses of cosmids were performed as follows. For manual fingerprinting, BamHI/ScaI digested Lawrist cosmid DNA was electrophoresed and visualised on 0.8% agarose gels. For automated fingerprinting HindIII/Sau3AI digests were performed on 2 µl of microprep DNA in 96 well microtitre plates, as previously described. 15 Samples were run on denaturing polyacrylamide gels (4% acrylamide/bisacrylamide (19:1), 7 M urea) in TBE, against size markers consisting of lambda DNA cut with Sau3AI and end labelled with [ 35 S]dATP (Amersham UK). Gels were run at 75 W for 1.5 hours, fixed and autoradiographs were digitised using an Amersham Filmreader Scanner and analysed using Image2.1 gel analysis software. (http://www.sanger.ac.uk/fingerprinting/imageprocessing/overview.html). Contigs were assembled using Contig C software for assembling physical maps from fingerprints, derived from VAX CONTIG9 programs. 16 The Contig C package is available by anonymous ftp from ftp.sanger.ac.uk:/pub/contigc/. A band tolerance of 0.7 mm and random match probabilities of less than 10 -4 were used in the analysis.
cDNA Selection
Four direct cDNA selection experiments were performed as follows:
(1) using YACs 259f7 and 306e5 subcloned into lambda Fix (Strategene); (2) 
Exon Trapping
Exon trapping was performed as originally described, 18 using Lawrist cosmids isolated with YAC 259f7, and using Supercos (Stratagene) USA subcloned YACs 753h12 and 950h11. The cosmids were pooled, digested with BamHI and BglII and then ligated into BamHI digested exon trapping vector pSPL3B (generously supplied by Dr T Burn of Integrated Genetics Inc., USA) and used with the exon trapping system (GIBCO BRL, Cat. No. 18449-017).
DNA Sequencing
This was performed with the appropriate vector primers using the fluorescent-based dideoxynucleotide chain terminating method 19 and Taq DyeDeoxyl ™ Terminator premix (Applied Biosystems USA) according to the manufacturer's instructions. All samples were processed by an Applied Biosystem model 373A automated DNA sequencer.
Mapping of Clones to the YAC and Cosmid Contig
Purified inserts from clones were 32 P-labelled with a Random Primed DNA Labelling kit (Boehringer Mannheim Germany) and used as probes against Southern blots of EcoRI digested YAC DNA, 6 and BamHI/ScaI digested Lawrist cosmid DNA. Blots were washed to a final stringency of 0.1 ϫ SSC, 0.1% SDS at 65°C for 20 min and exposed to X-ray films O/N at -70°C.
Northern Analysis
Total human RNA (25 µg) from brain (Clontech USA, Cat. No. 64020-1), liver (Clontech, Cat. No. 64022-1), placenta (Clontech, Cat. No. 64024-1), and thymus (Clontech, Cat. No. 64028-1) was electrophoresed and blotted according to standard procedures 20 and probed with 32 P-labelled inserts of clones as described above. Blots were washed to a final stringency of 0.5 ϫ SSC, 0.1% SDS at 65°C for 20 min, exposed for 4-8 days and visualised using a phosphoimager. Band size was estimated by comparison with a molecular weight marker (GIBCOBRL USA, Cat. No. 15620-016).
Direct Genomic Sequencing
DNA was prepared from cosmids using Qiagen plasmid mini kits and sequenced using Lawrist primers T7 and Sp6. Automated sequencing was performed as described above.
Sequence Analysis
All sequences were compared against the GenBank (National Centre for Biotechnology Information USA) sequence database, searching for identities with known genes, ESTs or structural domains using the programs BLASTN 21 and BLASTX. 26 Clones corresponding to cryptic spliced products of the exon trapping vector pSPL3 B, or due to contaminations such as E. coli, yeast, mitochondrial, and ribosomal sequences, or containing mainly repeat elements, were not considered further. Clones identical to ESTs in the database, were extended where possible using the GCG Fragment Assembly System.
Results
Cosmid Contig
One hundred and seventy Lawrist cosmids were isolated and organised in bins according to YAC hybridisation patterns. Seventy-five cosmids were ordered from the proximal STS 814R to the distal STS D6S1558 by analysis of STS content combined with results of fingerprint analysis (Table 1 ). The bin arrangement provided an approximate location for cosmids which was then refined by STS and fingerprint analysis. Several cDNA fragments isolated by direct selection were positioned in the cosmid contig and used as STS to recognise overlapping cosmids ( Table 2) .
Generation of a Transcription Map
In all, 42 potentially exonic DNA fragments were isolated: 28 fragments by direct cDNA selection, eight by exon trapping, and six by direct genomic sequence analysis; all are subsequently referred to as cDNA fragments. cDNA fragments isolated by either direct cDNA selection or exon trapping were mapped to YAC and cosmid contigs by hybridisation. Where possible, results were confirmed by PCR analysis (see Table 2 ). cDNA fragments were positioned with respect to YACs, cosmids and previously characterised genes 7 (Banyer et al., unpublished) (see Figure 1) . cDNA fragments mapped to 3 clusters, one in YAC 17ah2, one around the microsatellite D6S105, and the third on the distal end of YAC 950h11. The size, method of identification, and sequence analysis of each of the 42 cDNA fragments is given in Table 3 .
Clones Corresponding to Known Genes
Six cDNA fragments were found to correspond to previously characterised genes, four were known to map in this area: B123 and Y247 were identical to histone genes, and F06 and F26 corresponded to the zinc finger gene LD5. The other cDNA fragments were mapped for the first time to this region: J13 was identical to the human heterogeneous nuclear ribonucleoprotein H1 (hnRNP H1) gene, and D2 was identical to the tRNA-Val (CAC).
Clones with Homology to Known Genes
Three cDNA fragments (F44, F20 and F36, see Table 3 ) were homologous to domains of the Krüppel-related ZNF genes. 23 F44 was identical to the 3'-sequence of two ESTs, which enabled us to construct an extended sequence containing a Krüppel-type C2H2 zinc finger followed by a 3'UTR and a polyA tail. F20 contained Krüppel associated boxes (KRAB) A and B and some P1452  24C  F0445  24C  K063  24C  F24  F0522  24C  F24  E1944  24C, 17A  F24  M1232  24C, 17A  F24  A1416  24C, 17A  F24  M2046  24C, 17A  F24 Transcript map distal to HLA-F t spacer sequence. F20 and F44 mapped close to each other on the same cosmid (Figure 1 ), but amplification of cosmid DNA with primers designed from F20 and F44 sequences failed to yield a product. It is possible that the two cDNA fragments may represent two separate zinc finger genes or the zinc finger domain and the 3'UTR are separated by an intron. PCR amplification of F44, F20 and F36 from the corresponding cosmids and YACs was performed, in order to confirm their location (Table 2) . R19 was similar to the end of the coding region of the P5-1 gene. This gene is a member of a multicopy gene family in the Class I region, 24 while another cDNA fragment, G81, was similar to G9a, a gene localised in the Class III region of the MHC 25 ( Table 3 ). The presence of G81 in the YAC and cosmid contigs was confirmed by PCR amplification (Table 2) , and by direct genomic sequencing of cosmids F087 and F107 using primers designed from the sequence of G81.
Clones Corresponding to Novel Sequences
Thirty-one cDNA fragments corresponded to novel sequences. Eight of these matched ESTs so Northern analysis was performed on the remaining 26 cDNA fragments, ten of which showed a visible transcript (Table 3) ; the remaining 16 gave no visible signal. Three novel clones, F16, F45, F23 mapped close to one another and may be part of the same transcription unit. No test was carried out here to see if they were indeed linked. Two clones, G60 and G40, mapped to the same List of 75 cosmids ordered from centromere to telomere. The presence of STS, YAC hybridisation, and clones are indicated. *Cosmids sequenced at both ends with primers SP6 and T7; †Cosmids sequenced only at one end. TGAGATGCACAGCAAGGAGC  AATAGCACCACCACCTCCTCC  62  131  F44  AAAATGTAGTCTGGCTGGCTGAGATG  TCGTGAAAGATTCATTAGAGGC  58  262  F36  GAGAAGTTTAATGATGACTGAAGCT  AGAATTCATACCGCAAATAAACTC  62  150  F26  TCCGTTCTCTAGCTGATGTTCC  TACTAGGAGACACTAGGACCCCG  62  173  F06  AATTCCGGCCATATCAGTGC  GTTGAATGAGACCAGTGTTCCC  60  402  G81  ACCTTGATGCCACTCTGTACG  AGGATGGGCGATTGCTCCAGG  60  122  B256  ACAGCTGGATTGCAGTTGTGG  CCTATTTTGCCTATCCTGTCC  62  175  ZNF184  CCTGACATTTCTGAAGAAGAGC  GGTTTGCCTGCTGTCTCTCTAAACTGCC  62  130 Transcript map distal to HLA-F S Goldwurm et al t Table 2 ). Approximate location of genomic sequences similar to known genes or ESTs are indicated. Numbered boxes correspond to the three gene clusters. *Clones or genomic sequences that match an EST; @ those identical to known genes. $ the Krüppel-type zinc finger gene, ZNF184, 6 # cDNA fragments previously characterised and similar to genes or cDNA fragments isolated on 5q13.1.
27
Transcript map distal to HLA-F t Transcript map distal to HLA-F S Goldwurm et al t (Table 3 ). Northern analysis was performed for G60 and G40 but did not detect a transcript in the tissues tested. Nine novel cDNA fragments mapped at the distal end of YAC 950h11. Three of these were identical to cDNAs isolated from 5q13.1. 26 Analysis of this region has identified fragments with strong similarity to genes and STS from the SMA locus at 5q13.1, indicating that this distal region of 6p21.3 may be paralogous with 5q13.1 27 [now published]. All cDNA fragments detected only one major fragment when used as probes on Southern blots of both EcoRI digested YACs and BamH1/ScaI digested cosmids.
S Goldwurm et al
Discussion
We report here the construction of a cosmid contig and the isolation of 42 cDNA fragments mapping to a 2 Mb region distal to HLA-F. The cDNA fragments were found to be distributed in three clusters located around CpG islands as indicated by the restriction map of this region. 6 Furthermore, four fragments, two in YAC 17ah2 (F20 and F21) and two around D6S105 (B123 and Y247), were very similar to CpG islands previously isolated using a methylated DNA binding column. 28 Combining the transcript map described here with three previously described transcript maps focused around HLA-A [29] [30] [31] and HFE provides a framework map for an extensive genomic region of approximately 6 Mb from HLA-A to HFE. Only one transcript identified here (B123) was found to be identical to a transcript in a previous report. 29 Analysis of all these transcription maps shows that the region distal of HLA-A contains many genes apparently not involved in immunity. In addition, we have been able to confirm previously reported features of this region. For example, the presence of two cDNA fragments homologous to histone genes supports the presence of a cluster of such genes mapped to 6p21-6p22 by FISH analysis 33 and subsequently confirmed to be located in this region. 29, 32 The isolation of the cDNA fragment identical to the tRNA-Val, variant CAC, 31 is consistent with the description of a tRNA gene in YAC 753h12, 33 and with the report of a cluster of tRNA genes localised by FISH analysis to 6p21. 34 
Fragments Similar to MHC Genes
We identified 2 cDNA fragments similar to genes in the MHC region, R19 similar to the P5 multicopy gene family and G81 similar to a Class III gene. In the MHC region, other multicopy gene families besides the P5 group have been found, 35, 36 and some form repeated clusters of genes, for example a cluster comprising genes related to HLA, PERB11, and P5 families has been reported leading to the suggestion that clusters of genes within the MHC, and not only single genes, have been duplicated. 37 Thus if R19 is found to be a new gene of the P5 family, it is possible that the HLA and PERB11 genes will also be located here.
ZNF Gene Cluster
In total seven Krüppel-related zinc finger genes were localised in our transcript map, five of these were mapped in the present study (ZNF184, LD5, F20, F44, and F36) and two (ZNF165 and SRE-ZBP) were previously reported in this region. 29, 38 Three of these, ZNF184, ZNF165, and LD5 have been shown to be predominantly expressed in the testis 7, 38, 39 and two, F20 and F36, have strong homology with the murine ZNF genes, Zfp-38, Zfp-92, and Zfp-35, known to have a role in spermatogenesis. [40] [41] [42] The location and expression of the ZNF genes identified here correlate well with those from analyses of the syntenic region of the mouse which have shown the presence of a cluster of ZNF genes involved in embryogenesis and spermatogenesis. 43, 44 
SMA Homology Register
Nine novel cDNA fragments mapped to the most distal portion of our contig. Three of these were identical to cDNAs identified in the SMA region. 26 We previously identified cDNA fragments with more than 90% similarity to genes from the SMA region at 5q13.1 in this cluster indicating the presence of an interchromosomally duplicated region. 27 The SMA region contains many deletions, duplications, pseudogenes, and repetitive elements and is thus thought to be an unstable area of the human genome. 45 The presence of this putatively unstable gene-rich region at 6p21.3 may be of importance to the identification of disease genes mapped by linkage disequilibrium to this area.
Transcript map distal to HLA-F t
Novel cDNA Fragments
Thirty-one novel putative exonic DNA fragments were present in the transcription map. They did not contain recognisable domains, and were not similar to the other novel sequences previously reported in this area. 29 Eight of these 31 novel fragments matched EST sequences in the database. The EST database is a powerful resource, facilitating the recognition and the isolation of larger cDNAs enabling the construction of extended sequences. By comparing clones G60 and G47 to the EST database, we isolated 25 ESTs and were able to construct an extended sequence of 1940 bp corresponding to a novel gene. Ten of the novel cDNA fragments isolated by cDNA selection and exon trapping identified a visible transcript in northern analysis, the remaining 16 did not produce a detectable signal. It is possible that cDNA fragments not giving a detectable transcript on northern analysis may represent a scarce transcript not present in the tissues studied. Indeed, G60 and G47, two clones matching 25 ESTs in the database, were negative on the northern analysis. However, the possibility that some novel fragments isolated are non-transcribed sequences cannot be excluded.
In conclusion, we constructed a cosmid contig and transcript map distal of HLA-F and identified 42 potential exonic fragments. This transcription map provides a useful resource for the identification of disease genes in linkage disequilibrium within this genomic region.
